Background: Esthesioneuroblastoma (ENB) is a rare and aggressive malignant tumor arising from olfactory epithelium. Surgical excision in the form of craniofacial surgical resection (CFR) has shown encouraging results. The purpose of the study is to analyze the outcome of this disease when managed by non-craniofacial resection (NCFR) surgery in limited resources. Methods: Between October 1998 and January 2004, eight patients with ENB were treated in the Department of Radiotherapy at KGMU, Lucknow. None of these eight patients underwent CFR surgery. All patients received six cycles of vincristine, adriamycin and cyclophosphamide (VAC) based chemotherapy followed by radiotherapy. Results: All the patients registered during this period had undergone operative procedures in the form of NCFR surgery except two. Complete response was present in five (62.5%) patients and three (37.5%) patients had partial response. Locoregional relapse-free survival at 3 years was 62.5% and median survival time was 38 months. Disease-free survival and overall survival at 3 years was 72.9 and 71.4%, respectively, and median disease-free survival time was 43 months, while mean overall survival time was 40.7 months as median overall survival time was not reached. Conclusion: Patients in developing countries often present with advanced stages and because of non-availability of technical advances and surgical expertise one tends to approach these patients with palliative intent. Most of the patients in our series were of stage C disease (75%) and still our response rate and survival were encouraging despite the fact that surgery was not optimal. This combination chemoradiotherapy schedule can be used outside the protocol setting where resources are limited.
INTRODUCTION
Esthesioneuroblastoma (ENB), also known as olfactory neuroblastoma, is a rare and aggressive malignant tumor of the nasal cavity and paranasal sinuses. The tumor is thought to originate from the specialized neuroepithlium of the upper nasal cavity (1, 2) . It accounts for 6% of nasal cavity and paranasal sinuses cancer cases (3) and 0.3% of the upper aero digestive tract malignancies (4) . This tumor has always been a matter of discussion since 1924, when Berger and Luc published its first description and till now more than 1000 cases have been reported including the recent review of 945 cases (5) . The largest series, originating from single institutions, contain an average of 31 (range, 4-11) cases (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . These series, however, covered long periods of time during which significant changes in the management of ENB occurred. Because of the relatively small number of patients in each of the series reported, together with the heterogeneous nature of many of these series, it has been difficult to make definitive recommendations for the management of ENB at our institution.
Treatment for ENB has evolved from extracranial surgical excision to multimodality treatment regimes. The most significant therapeutic advance in the treatment of this neoplasm was made several decades ago with the introduction of the craniofacial surgical resection (CFR). Disease-free survival improved from 37.5 to 82% in one study when extracranial surgical excision and craniofacial resection were compared (9) . Different therapy protocols have been applied since then. These include CFR with preoperative or postoperative radiation therapy; CFR with combination radiation therapy and chemotherapy; chemotherapy with radiation therapy; and chemotherapy alone (10, 13, 16, (18) (19) (20) (21) (22) (23) (24) (25) (26) . It remains unclear whether combination treatment regimens improve survival over that achieved by CFR alone.
Although CFR has improved survival, but it is a major surgery where skill is required in order to achieve a complete resection of the tumor. Not every center across the world is equipped with facilities to undertake such surgical procedures. Owing to lack of awareness and rarity of the tumor, patients usually present in the late and advanced stages of the disease where complete surgical excision is not achievable. Under such situations a more comprehensive management is needed comprising neoadjuvant chemotherapy followed by surgery and radiotherapy.
Role of chemotherapy is uncertain, and standard chemotherapy regimens for the treatment of this malignancy have not been clearly identified. To date, chemotherapy has been reserved for recurrent and distant metastatic disease. Recently, some studies have suggested that multidisciplinary treatment strategies that combine neoadjuvant chemotherapy, surgery and radiotherapy offer potential benefits (16, 18, (20) (21) (22) 25, 26) . Chemotherapy has been used in the form of cisplatin, etoposide, ifosfamide and taxanes in these studies. Patients in our country invariably come from low socioeconomic background and cannot afford costly chemotherapy that requires multiple days to administer. For our eight adolescent and adult patients with ENB, we combined chemotherapy in the form of vincristine, adriamycin and cyclophosphamide (VAC) with radiotherapy. VAC regimen is a simple and effective (11) chemotherapy regimen administered on an outpatient basis in a single day and was suitable for our patients. In this report we discuss the benefits and tolerability of this combination for the treatment of patients with advanced ENB.
Because of the rarity of ENB, experience with this tumor has been limited, and no consensus has been reached in its management where facilities of CFR are not available. Our objective was to review the experience of our institution with this rare malignancy using non-craniofacial surgical resection (NCFR) method of treatment.
PATIENTS AND METHODS
A retrospective analysis based on medical records was performed for eight consecutive patients with biopsy proven advanced ENB following incomplete excision at the Department of Radiotherapy, King George's Medical University, Lucknow, between October 1998 and January 2004. Cases were identified by means of a computerized search, and all available medical records were reviewed. The diagnosis of ENB was based on histopathological features, including microscopic findings of uniform small round blue cells with scant cytoplasm and hyperchromatic round nuclei with inconspicuous nucleoli (Fig. 1) . Other features included neurofibrils, rosettes, pseudorosettes and neurosecretary granules. For six patients, immunohistochemical analyses, including staining for chromogranin, CD56, neuron specific enolase, synaptophysin and S-100 protein (alone or in combination with each other), were performed to confirm the diagnosis of ENB. Imaging studies, including computed tomography and/or magnetic resonance imaging, were performed to evaluate the extent of primary disease and treatment response. Disease stage was classified as A, B or C according to the criteria established by Kadish et al. (6) . Kadish stage A refers to disease confined to the nasal cavity; stage B refers to disease that is confined to the nasal cavity and one or more paranasal sinuses; Stage C refers to disease extending beyond the nasal cavity or paranasal sinuses and includes cases with involvement of the orbit or base of the skull as well as cases with intracranial extension; and Stage D refers to cases with tumor metastases to cervical lymph nodes or distant organs. Locoregional Relapse Free survival (LRFS) and overall survival (OS) were calculated from the time of diagnosis. Sites of recurrence and salvage therapies were recorded. Statistical analysis for OS and LRFS was performed using the KaplanMeier method using SPSS statistical software (SPSS Inc., release 10.0)
TREATMENT

SURGERY
The most optimum approach for adequate resection of these tumors is a combined anterior craniofacial resection (CFR) that involves joint skills of neurosurgeon and oncosurgeon. As these tumors originate from olfactory epithelium, they lie very close to the nasal roof. To achieve adequate surgical margins cribriform plate is resected en block with the tumor. Any surgical approach that does not include anterior cranial resection was termed as non-craniofacial resection (NCFR) surgery, which may range from biopsy to margin positive surgery. All the patients registered during this period had undergone operative procedures in the form of NCFR surgery. One patient underwent debulking surgery due to intracranial extension while other had only biopsy of the lesion as a surgical procedure. One patient underwent lateral rhinotomy, three patients had medial maxillectomy and other three had ethmoidectomy. All the patients were referred to us for further management. Post-operative CECT scan of the paranasal sinuses revealed presence of gross residual disease in four out of six patients who underwent NCFR surgery (Fig. 2) . Remaining two patients were disease-free clinically and radiologically at the time of registration. All these patients were then
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CHEMOTHERAPY
All the patients received combination chemotherapy (VAC). This regime constituted chemotherapeutic agents like vincristine (1.4 mg/m 2 total dose not exceeding 2 mg, IV bolus), adriamycin (50 mg/m 2 , as 30 min IV infusion) and cyclophosphamide (600 mg/m 2 , IV bolus) administered on day 1. Chemotherapy was repeated in cycles of 21 days. Responses were evaluated after every other cycle, beginning with the second cycle. After chemotherapy all patients were subjected to radiotherapy treatment. A total of six cycles of VAC chemotherapy was given to all the patients before radiotherapy except in two cases. These two patients who revealed no residual disease radiologically following non-craniofacial surgery received three cycles of VAC before radiotherapy and subsequently rest of the three after radiotherapy.
RADIOTHERAPY
All patients underwent simulation using a Tele simulator (SAT 10, Shimadzu, Japan) with neck hyper extended. Immobilization was done with the help of orfit cast. Radiotherapy was planned with one anterior and two lateral wedge pair fields with unequal weighting and treatment was delivered via Telecobalt Unit Theratron 780C (AECL, Ottawa, Canada) with dose normalized at tumor center. Dose homogeneity requirement was 95-105% of the specified centrally absorbed dose, as mentioned in the ICRU 50 reference point. Twodimensional computer planning was done on Radplan software (TSG Corporation, India). All patients received a conventionally fractionated irradiation, i.e. 2 Gy per fraction five times in a week to a total of 40-60 Gy in 4-6 weeks.
STATISTICAL ANALYSIS
All the statistical analysis was done in SPSS ver10.0 software. Mean and median values were calculated with descriptive analysis. Locoregional relapse-free survival, disease-free survival and overall survival from the date of commencing radiotherapy were estimated using the Kaplan-Meier analysis. For overall survival all the deaths were counted as events regardless of cause. Persistent disease and locoregional relapse were counted as events in the locoregional relapse-free survival analysis with recurrence time censored at the date of first recurrence or date of last contact for the patient without disease. For disease-free survival patients expired because of disease and patients alive with disease were counted as events while patients alive without disease or expired because of other cause were censored at the date of last contact or death.
RESULTS
Between October 1998 and January 2004, eight patients of ENB were registered in the department of Radiation Oncology, KGMU, Lucknow, India. Mean age of these eight patients was 29.9 years (-16.3) and mean follow-up time was 36 months (-3.6). Details of patients' characteristics are shown in Table1. Six (75%) patients were of stage C disease. Nasal obstruction was the presenting complaint in seven out of eight patients. None of the eight patients underwent craniofacial resection. In one patient with stage C disease, only debulking surgery was done, while one patient did not undergo any form of surgery because of advanced disease and poor performance status. All the patients underwent six cycles of chemotherapy with VAC regimen. Six patients received radiation therapy after completing six cycles of chemotherapy while in two patients it was delivered after three cycles of chemotherapy followed by rest of the three cycles. All toxicities were noted as per NCI-CTC criteria version 2.0. None of the patients had grade III neutropenia and only two patients had grade II neutropenia. Thrombocytopenia with grade I was present in three patients while the rest did not experience any thrombocytopenia. Three patients had grade II anemia and were managed with blood transfusions. Nausea and vomiting was present in mild form in all the patients and was adequately managed with oral antiemitics. Late toxicity was mainly present in the form of peripheral neuropathy, which was grade II in five patients at 4 months after receiving chemotherapy. Overall toxicities were mild and were manageable with symptomatic care. After completion of treatment objective response was present in 100% of the patients, which was evaluated clinically and radiologically. Complete response 616 Combination chemotherapy and radiotherapy for esthesioneuroblastoma was present in five (62.5%) patients (Fig. 2) and three (37.5%) patients had partial response (Table 2) . Two patients both with stage B disease, who had complete response to the treatment, are still alive without disease at the end of 46 and 51 months. Four patients had locoregional relapse and two had distant metastases. Overall six patients relapsed. One patient underwent surgery with medial maxillectomy while other four received chemotherapy in the form of cisplatin and etoposide. A patient who underwent surgery was disease free but expired at 21 months because of cardiac cause. Mean time to recurrence was 25.4 months (-20.1). Locoregional relapse-free survival at 3 year was 62.5% and median survival time was 38 months (Fig. 3) . Disease-free survival and overall survival at 3 years was 72.9 ( Fig. 4) and 71.4% and median disease-free survival time was 43 months, while mean overall survival time was 40.7 months as median overall survival time was not reached. Treatment details and outcome are summarized in Table 2 .
DISCUSSION ENB is a rare malignancy of the neuroepithelium. Fewer than 1000 cases have been reported in the literature and most reports were in small series similar to the present study. Because of the rarity of this tumor, prospective studies are extremely difficult to conduct. Pathological classification is challenging because these tumors must be differentiated from other small blue cell neoplasm of the nasal cavity such as lymphoma, sarcoma and melanoma. Differentiating ENB from neuroendocrine carcinoma is also difficult and some think the entities are a continuous spectrum with varying biological aggressiveness. A newer technique like immunohistochemistry has added more specificity and sensitivity with improved accuracy in the diagnosis. We reviewed our institutional experience with ENB from October 1998 to January 2004. In 1979 Elkon reviewed the existing literature (27) and reported a bimodal age distribution with an early peak from 11 to 20 and a later peak between 51 and 60 years of age. The current study reports a mean age at diagnosis of 22 years, which is consistent with the earlier peak. ENB is mostly seen in advanced stages. In our series 75% of the patients were of Kadish stage C disease ( Table 1) . The reasons for the late diagnosis are unspecified symptoms such as nasal obstruction, anosmia and recurrent epistaxis (24) . The most common symptom in our patients was nasal obstruction, which has also been reported by other investigators (8, 14) , whereas one patient presented with isolated third cranial nerve paralysis. Headaches, anosmia, epistaxis and visual disturbances were common presenting symptoms in our series ( Table 1) .
The Kadish staging system for ENB has been widely used in the literature. The inadequacies of this system, however, have been pointed out by Dulguerov et al. (12) First, the incidence of Stage A disease is very low because with new developments in imaging technique such as contrast enhanced computed tomography, more and more patients are diagnosed with involvement of ethmoid sinuses, thus upstaging the disease. There was not a single patient in our study who presented with Stage A disease. Similar observations have been reported in other series and the overall incidence of Kadish Stage A disease is estimated to be 5%. (7, 13, 16) Modern imaging makes a diagnosis of Kadish Stage A disease less likely. A second flaw is the lack of a clear prognostic significance of stage A and Stage B disease. This may be because sinus involvement does not adversely impact surgical respectability and, hence, should not represent an adverse prognostic factor. A third shortcoming is that, most tumors are stage C disease, which includes tumors with spectrum of spread patterns and biological behaviors that should have prognostic significance. Finally, the regional disease was not included in the staging system because of its rarity. Some have suggested this should be classified as Kadish D disease (13) . Despite the inadequacies and attempts to use a TNM classification (10,12) Kadish system is still the most commonly used and, hence, was applied to our patients.
Optimum management for ENB remains to be defined. An improved local control after CFR in comparison with extracranial approaches has been suggested (9, 10) . Therefore, CFR coordinated with neurosurgery, otolaryngology and ophthalmology has become the most commonly used surgical procedure for ENB. Extensive surgical resection in the form of CFR demands advanced surgical set up and expertise, which is not always available especially in centers in developing countries like ours. If we manage these patients with NCFR, the resection usually remains incomplete.
Despite aggressive CFR, local recurrence after surgery alone occurs in 20-60% of cases depending on the length of follow-up. Therefore adjuvant radiation therapy in advanced (stages B or C) disease even after a complete resection has been advocated to improve local control (12) (13) (14) . However the role of radiation therapy in the management of ENB is still controversial. Biller et al. (10) reviewed the literature and found a higher incidence of regional and distant failures after combined surgery and radiation therapy compared with surgery alone. This finding was probably the result of the treatment selection bias in which advanced disease, with a known higher risk of regional metastases, was often treated with radiation. Foote et al. (13) reported improved local control (87% versus 41%) after post-operative radiation compared with surgery alone despite a selection bias against combined modality therapy. Patients treated with surgery and radiation therapy had a higher proportion of advanced disease (81% versus 41% stage C) and high-grade tumors (38% versus 14%) in comparison with the surgery alone group. Now combined modality treatment including surgery and radiation therapy has become an integral part of management protocol (13, 16, 24, 28) .
The experience with chemotherapy for ENB is lacking and seems under-reported. Traditionally, chemotherapy has been reserved for unresectable, recurrent or metastatic disease. The role of chemotherapy as part of combined modality in the standard treatment of ENB is thus still investigational, but some of the latest series have shown promising results (16, 18, (20) (21) (22) 25, 26) . Recently a non-surgical approach has also been tried with some success where two cycles of neoadjuvant chemotherapy with cisplatin and etoposide was followed by proton beam radiotherapy (18) . Eight of the nine patients do not require surgery but the follow-up was too short to allow any definitive comments on this approach. Dong-Wan Kim et al. (29) have reported the use of neoadjuvant etoposide, ifosfamide and cisplatin for the treatment of olfactory neuroblastoma. Median duration of survival was 18 months and 3 year survival rate was 40% (estimated from survival curve). Only 2 patients out of 11 achieved CR, while after subsequent treatment with radiotherapy four more (36%) patients achieved CR (only 54% of the patients in this series received radiotherapy). Another study by Mishima et al. (30) using cyclophosphamide, doxorubicin and vincristine based chemotherapy with continuous infusion cisplatin and etoposide with peripheral blood stem cell transplantation showed a good complete response rate of 66.7%. Radiotherapy (60 Gy) was an integral part of their protocol. In this study one cannot comment on long-term results as four patients had follow-up of less than 6 months, while there were only two patients who had followup of more than 30 months. Here it is important to emphasize on the complexity of chemotherapy protocol used by the author.
In our series of eight patients, we have shown that incorporating chemotherapy with moderate doses of radiation had substantial effect on outcome. None of the eight patients underwent CFR and still we managed to achieve 58% OS rate at 3 years and LRFS rate of 41.7%. Median LRFS time was 38 months and overall survival time was 43 months. We have used radiotherapy with chemotherapy as an integral part of the treatment protocol, and 100% of our patients received radiation either before chemotherapy or after chemotherapy. In our series, chemotherapy was in moderate doses and the protocol was very simple to follow and administer, thus, requiring low resources. Chemotherapy alone is not sufficient to have long-term improvement in survival nor any surgery less than
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CONCLUSION
Results of this study are important for the oncology centers in developing countries where one can employ this protocol with NCFR. Usually patients in developing countries present with advanced stages, and one tends to approach these patients with palliative intent because of non-availability of technical advances and surgical expertise. Most of the patients in our series were of stage C disease (75%); however, our response rate and survival were encouraging despite the fact that surgery was not optimal.
